Abstract: Structure and density of soil microarthropod communities (Oribatida and Collembola) were studied in one natural beech forest and one spruce monoculture planted on a former beech stand in South Bohemia (Czech Republic in the spruce monoculture for Collembola); additionally, it changed greatly the community structure in terms of species composition and functional traits. In the spruce monoculture, groups susceptible to disturbance were suppressed. The oribatid trophic structure changed as well with opportunistic herbifungivorous species increasing in the monoculture at the expense of fungivorous species. Similarly, hemiedaphic collembolans increased in the monoculture at the expense of euedaphic species. We conclude that the "functional approach" seems to be fruitful in revealing soil fauna response to environmental change.
Introduction
Without human pressure large areas of Central Europe would be covered with a broadleaved forest dominated by beech and oak (Bundesamt für Naturschutz 1997). Due to intensive management and land use during the last 2000 years, most of this forest was removed to provide agricultural land with the forest being restricted to the upper parts of hills and mountains unsuitable for cultivation or grazing. In the 19 th century, the majority of these remaining natural forested areas turned into coniferous monocultures as spruce and pine were highly suitable for planting in even-aged, even-spaced stands and provided valuable timber. In the present day, only 0.2% of Central European deciduous forest is estimated to remain in a relatively natural state (Hannah et al. 1995) . This ecosystem, with its associated species, is one of the most endangered in the world (Bengtsson et al. 2000) .
An important, and potentially vulnerable, element of forest biodiversity is confined to soil. Soil biota constitutes a huge, often disregarded, reservoir of biodiversity. In our study, we focus on the impacts caused by replacement of natural beech forest with spruce monoculture on soil microarthropods (Oribatida and Collembola). Oribatida and Collembola are considered to be efficient tools for biodiversity assessment (Deharveng 1996) . They are the most abundant arthropods in forest soil and are highly diversified on a local scale. Moreover, these microarthropods are important members of the detrital food web system, playing a role in organic matter decomposition and nutrient cycling, two key stages of ecosystem functioning (Luxton 1981b) .
In general, the response of a community to changes can be described in terms of density, diversity and species composition. In addition to this taxonomical approach, the assessment of functional traits seems to be a sensitive indicator of community change and suitable in revealing and explaining underlying mechanisms. The functional trait approach is more focused on interactions and processes; it facilitates the identification of general patterns and the synthesis of interdisciplinary knowledge. The research is not limited to deal only with species identity but is also able to study the physiological, morphological or phenological traits that are responsible for species fitness and occurrence (Makkonen et al. 2011) .
Effects on soil microarthropod communities can be caused by disturbances connected with forestry practices, and changes in biotic and abiotic soil conditions (Seastedt & Crossley 1981) . Disturbances are assumed to be very important drivers for soil fauna (Maraun & Scheu 2000) . In the long-term, the impact of disturbances is likely to decrease as species assemblages recover. The recovery of Oribatida and Collembola communities tends to be very slow due to their low dispersal capacity (Huhta & Niemi 2003; Ponge et al. 2003) . On the other hand, the impact of changing soil conditions is more pronounced over the long-term. Spruce forest establishment is known to lead to organic mat- ter accumulation, decreased pH and microbial activity, while increasing the C:N ratio (Mardulyn et al. 1993; Nihlgård 1971; Scheu et al. 2003) . These factors affect microarthropods directly or through food and livingspace availability. The aim of the study was to determine the effect of replacement of beech forest with spruce monoculture on microarthropod communities in the studied locality (1) with the traditional community characterization by total density and indices (species richness, diversity and evenness) and (2) with the functional trait approach.
Material and methods

Study sites and sampling
The study was carried out in a natural beech forest (Be-nat) and a managed spruce monoculture (Sp-cul) on Kleť Mt. (Blansky les Protected Landscape Area, South Bohemia, Czech Republic; 48
• 52 N, 14
• 17 E). Site characteristics are given in Table 1 and taken mainly from Albrecht (2003) . The stands are about 2000 m apart. Mean annual precipitation is 720 mm yr −1 and mean annual temperature 5.0
• C. The beech (Fagus sylvatica L.) stand is part of the Kleť Nature Reserve, is natively covered with beech and has been without any management for more than 50 years. It had an herb layer formed mainly by Festuca altissima Allioni, Mercurialis perennis L., Avenella flexuosa (L.) Drejer, Paris quadrifolia L. and Luzula luzuloides (Lamarck) Dandy & Wilmott. The litter layer was approximately 2-3 cm thick (dead but not decayed plant material), fragmentation layer 2 cm (decayed plant material with distinguishable fragments), humus layer 3 cm (amorphous organic matter without mineral soil) and organo-mineral horizon 14 cm (mineral soil enriched with organic matter).
The spruce (Picea abies (L.) Karsten) forest is 120 years old and originated from the replacement of a former beech stand. The forest is managed with usual forestry practices (thinning etc.). The herb layer was formed by Oxalis acetosella L., Dryopteris filix-mas (L.) Schott, Avenella flexuosa and Maianthemum bifolium (L.) F.V. Schmidt. The litter layer was approximately 1-2 cm thick, fragmentation layer 4 cm, humus layer 3 cm and organo-mineral layer 8 cm.
The stands are very close to each other and originated from the same conditions in terms of topography, geology, climate, hydrology, potential vegetation etc., thus we ascribed recorded remarkable changes in mesofauna communities to forestry management.
In both study sites, soil samples for microarthropod extraction were collected in late autumn when the highest density and diversity can be expected (Niedbala 1980) . Five soil samples (10 × 10 × 10 cm) were taken from both natural beech and spruce monoculture stands in November 2002. The samples were taken in 60 metres transect in the direction of a slope to cover spatial variability and gradients within the stands. The sampled microhabitat was soil covered with litter.
Soil arthropods were extracted in Tullgren funnels for 6 days. Oribatida and Collembola were determined to species level. When possible, oribatid juveniles were also determined, counted and added to the respective adults. Oribatida were classified into feeding groups (herbivores, fungivores and herbofungivores) using data from Hartenstein (1962) , Luxton (1972) , Schon et al. (2008) and Siepel & de Ruiter-Dijkman (1993) . Herbivores feed on decaying plant tissues, fungivores on fungal mycelium and opportunistic herbofungivores are able to use both food sources. Reproductive attributes were taken mainly from Cianciolo & Norton (2006) , Domes et al. (2007b) and Luxton (1981a) . Collembola life forms were assigned to epedaphic (occurring mainly on the soil surface), hemiedaphic (living in the uppermost soil horizons) and euedaphic (living exclusively in deeper soil layers) according to Gisin (1943) . Only the traits with available and sufficient autecological data were included in the study (i.e. at least 80 % of individuals have known characteristics). Therefore, we excluded the complementary functional traits -Oribatida life forms and Collembola feeding groups.
Statistical analysis
We used several indices to measure diversity: species richness per sample (S), Shannon-Wiener index (H , using the decadic log), evenness (E) i.e. H / log(S), rarefied species richness (RarS), total species richness (TotS) and total theoretical species richness (TThS). Rarefied species richness was calculated by means of rarefaction; a method to compare species richness in samples with considerably different number of individuals. Rarefaction computes the expected number of species if all samples were of the same size (460 individuals for Oribatids, 290 for Collembolans; the lowest number of individuals recorded in a sample). It enables to distinguish whether higher number of species in a more abundant sample is only due to higher number of individuals or a sample is really more diverse (Gotelli & Colwell 2001) . The total theoretical species richness was estimated using the Jackknife 1 estimator (Heltshe & Forrester 1983) as recommended by Brose et al. (2003) , using EstimateS (Version 8.2, R. K. Colwell, http://purl.oclc.org/estimates).
Differences in total density, Shannon-Wiener index, evenness, species richness per sample and rarefied species richness were analysed with t-test (STATISTICA, Version 6.0, StatSoft Inc., 2001). Density data were log-transformed to achieve homogeneity of variance.
In addition to these parameters, we studied the distribution of ecological traits in a community (Oribatid sexual/parthenogenetic reproduction, Oribatid feeding guilds, Collembola life-forms, sensitivity to disturbances). We used the following functional groups: sexual oribatids, parthenogenetic oribatids, herbivorous oribatids, herbofungivorous oribatids, fungivorous oribatids, epedaphic collembolans, Table 2 . Mean ± standard deviation of Oribatida and Collembola density (ind. m −2 ); Shannon-Wiener index of diversity (H , using decadic log); evenness (E, i.e. H / log(S)); species richness per sample (S); rarefied species richness (RarS, rarefaction); total species richness (TotS) and total theoretical species richness (TThS, Jackknife 1). Be-nat -natural beech forest, Sp-cul -spruce monoculture. hemiedaphic collembolans and euedaphic collembolans. Sensitivity to disturbance was evaluated as the relative contribution of Poronota, Desmonomata, Enarthronota, Suctobelbidae, Brachychthonidae, Oppiidae, Tectocepheus velatus Michael, 1880, Folsomia quadrioculata (Tullberg, 1871), Folsomia species (other than F. quadrioculata), Hypogastruridae/Neanuridae, Onychiuridae, Isotomidae and Entomobryidae. We focused on these microarthropod groups because they were ranked by Maraun et al. (2003) according to their sensitivity to disturbances (for Oribatida: Poronota = Brachychthonidae = Suctobelbidae (the most sensitive) > Opiidae > Tectocepheus > Desmonomata; for Collembola: Folsomia (the most sensitive) > Hypogastruridae/Neanuridae > Onychiuridae = Isotomidae > Entomobryidae). Relative contributions of the groups were arcsintransformed and compared between the sites with t-tests. The structure of the microarthropod community in natural and managed stands was analysed by Principal Component Analysis (PCA), to show main gradients in the community, and Redundancy Analysis (RDA), to test the relationship between forest management and the relative contribution of various functional groups (RDA was performed separately for the reproduction mode, feeding guilds, life-forms and sensitivity to disturbance functional groups). A preliminary Detrended Correspondence Analysis (DCA) was carried out to assess the gradient length for the species data and showed that the maximum gradients of the four axes were less than 1, so a linear response model was selected (Lepš & Šmilauer 2003) . Forest management was used as an environmental (explanatory) variable. The statistical significance of the relationships with species data (relative contribution of Oribatida and Collembola groups) was tested using a Monte Carlo permutation test (9999 permutations). Analyses were carried out using Canoco for Windows, Version 4.5 (Ter Braak & Šmilauer 2002) . Species data were centered and scaling was symmetrically focused on both species and samples.
Results
A total of 24,677 oribatid mites (72 species) and 10,136 collembolans (55 species) were identified in both stands. Density, diversity and evenness indices, species richness, expected species richness (rarefaction) and total theoretical species richness (Jackknife 1) are given in Table 2.
The density of both microarthropod groups differed significantly between stands (t = -4.999, P = 0.001; t = -2.735, P = 0.025; for Oribatida and Collembola, respectively). Oribatid density in the spruce monoculture (400,540 ind. m −2 ) exceeded the density in the beech stand (93,000 ind. m −2 ) as did that of Collembola (136,360 ind. m −2 vs. 66,360 ind. m −2 , respectively). Diversity (H ) did not differ. Evenness was higher in the natural beech forest than in the spruce forest for Oribatida (t = 2.742, P = 0.025).
Species richness seems to be highly influenced by overall density. For Oribatida, the mean species richness per sample was higher in the spruce monoculture (t = -3.104, P = 0.014). However, no significant difference was found between rarefied numbers of species, i.e. species numbers if all samples were of the same size. With the Jackknife estimator of total theoretical species richness, differences between the stands almost disappeared (65.8 and 66.4 species, Benat and Sp-cul, respectively). For Collembola, species richness per sample in the stands did not differ. On the other hand, "rarefied species richness", "total species richness" and "total theoretical species richness" were higher in the natural beech forest than in the spruce monoculture. Altogether, 49 Collembola species were recorded in the natural beech forest compared to 37 species in the spruce monoculture. With the Jackknife estimator of total theoretical species richness, the difference increased to 63.4 species in the natural beech vs. 42.6 species in the planted spruce forest.
Principal Component Analysis (PCA) was used to illustrate variability in community composition, without direct testing of environmental variables. The main gradient, characterized by the first ordination axis, clearly separated microarthropod assemblages in beech and spruce stands. The first PCA axis explained 58.3% of the variability (Fig. 1) . RDA confirmed significant differences in microarthropod assemblages between the two studied forest stands (Table 3) .
Results obtained with t-tests confirmed those of multivariate analyses. The more detailed results about the trophic structure of the oribatid mite community are pictured in Fig. 2 . The dominance of herbofungivorous species increased in the spruce monoculture (t = -6.196, P = 0.0002) at the expense of fungivores (t = 5.343, P = 0.0006). The contribution of various Collembola life forms differed significantly between the forests (Fig. 3) . Compared to the natural beech for- Fig. 1 . Principal Component Analysis ordination diagram of microarthropod community, the first axis explains 58.3% of variability. Samples are presented with black blocks (natural beech forest) and grey blocks (spruce monoculture). Abbreviations: Desmonom = Desmonomata; Enarthro = Enarthronota; Entomobr = Entomobryidae; Epigeont = epedaphic; Euedaphi = euedaphic; Fols oth = Folsomia species other than F. quadrioculata; FolsQuad = Folsomia quadrioculata; Fungivor = fungivores; Hemiedaph = hemiedaphic; HerbFung = herbofungivores; Herbivor = herbivores; Hypogast = Hypogastruridae/Neanuridae; Isotomi = Isotomidae; Onychiur = Onychiuridae; Oppiidae = Oppiidae; Partheno = parthenogenetic species; Phthirac = Phthiracaridae; Poronota = Poronota; Sexual = sexual species; Suctobel = Suctobelbidae and TectVela = Tectocepheus velatus. Fig. 2 . Trophic structure of Oribatida community in the natural beech forest (Be-nat) and the spruce monoculture (Sp-cul). Differences in herbofungivores/fungivores dominance are significant for P < 0.001. Maraun et al. (2003) according to their sensitivity to disturbance: Poronota = Brachychthonidae = Suctobelbidae (the most sensitive) > Opiidae > Tectocepheus > Desmonomata; b Groups ranked by Maraun et al. (2003) according to their sensitivity to disturbance: Folsomia (the most sensitive) > Hypogastruridae/Neanuridae > Onychiuridae = Isotomidae > Entomobryidae . Fig. 3 . Collembola life forms contribution to the community in the natural beech forest (Be-nat) and the spruce monoculture (Sp-cul). Differences in hemiedaphic/euedaphic species dominance are significant for P < 0.05.
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est, the spruce monoculture was characteristized by increased dominance of hemiedaphic species while euedaphic species decreased (t = -3.075, P = 0.015; t = 4.082, P = 0.004, respectively). The contributions of groups with various susceptibilities to disturbances are shown in Table 4 . In general, groups susceptible to disturbance declined in the spruce monoculture whereas Tectocepheus velatus increased; differences were more pronounced for Oribatida compared to Collembola. No significant differences were recorded in the occurrence of sexual vs. parthenogenetic species.
Discussion
Density and diversity
The impact of the replacement of the beech forest with a spruce monoculture is still not absolutely clear nor well understood. It varies considerably with study area characteristics such as geographic position and stand age (Deharveng 1996; Salamon et al. 2008 ). This type of replacement is known to cause serious degradation in soil microarthropod assemblages in the Pyrenees (Cassagne et al. 2004 (Cassagne et al. , 2006 Deharveng 1996) . On the other hand, no significant differences in density and diversity were found in Western Germany (Migge et al. 1998; Salamon et al. 2008; Salamon & Alphei 2009 ).
Our results confirm the suggestion by Deharveng (1996) that effects of forestry manipulations on soil communities in northern and central Europe may not be as strong as in endemic-rich regions. In our study, microarthropod density in the spruce monoculture exceeded that of the natural beech forest. However, the impact on diversity was ambiguous, being slightly positive for Oribatida, but negative in terms of total species richness for Collembola.
The increased densities recorded in the spruce monoculture can be caused by several factors. It is known that Oribatida and Collembola generally tend to achieve higher numbers in coniferous forests than in deciduous ones (Arpin et al. 1986; Materna 2004; Wallwork 1983) .
At first, the persistence of a coniferous litter in the environment leads to an accumulation of litter at various stages of decomposition. Older, highly decomposed litter is more fragmented, while more recent litter is mostly whole. This variation in fragment size provides a heterogeneous habitat that may explain higher densities in the spruce stand (Anderson 1978; Sylvain & Buddle 2010) .
Secondly, oribatids and collembolans may benefit from lower pH in spruce stands. Their densities were observed to increase with soil acidity (Hågvar & Amundsen 1981; Loranger et al. 2001) . As soil acidification implies a decrease in litter decomposition rates (Ulrich 1986) , we may expect a correlation between acidification and accumulation of soil organic matter. A thick organic layer increases habitat space for the soil faunal community and the organic matter therein also serves as a food substrate for primary decomposers. It has been shown that spruce litter has a higher fungalbacterial ratio than beech (Parkinson et al. 1978) . Therefore, we suppose that the expected high amount of spruce litter colonised with fungi supported detritiand fungivorous microarthropods such as oribatids and collembolans.
Community structure Establishment of the spruce monoculture affected the structure of the microarthropod communities. The natural beech forest was characterized by a higher occurrence of Suctobelbidae, Enarthronota and Folsomia quadrioculata. All these groups are reported to be highly sensitive to disturbance (Hasegawa et al. 2009; Maraun & Scheu 2000; Maraun et al. 2003; Potapov 2001) . Enarthronota produce only a few, slowly developing eggs and, despite their small size, they are assumed to be K-strategists (Maraun & Scheu 2000) .
On the other hand, the spruce monoculture was characterized by increased dominance of Tectocepheus velatus and Folsomia species others than F. quadrioculata. T. velatus is only slightly sensitive to disturbance (Maraun et al. 2003) . It has a rapid life cycle, the development time from egg to adult being only a few months (Luxton 1981a) . It is assumed to be an asexual, ubiquitous species dominating in anthropogenically modified sites where it benefits from lowered competition (Maraun & Scheu 2000) . A high relative density of this species indicates environmental disturbance (Behan-Pelletier 1999). Our results coincide with those of Migge et al. (1998) who found that T. velatus preferentially occurred in a planted spruce forest compared to a natural beech one. The high dominance of this species caused a decrease in the evenness of the Oribatid community in the spruce monoculture.
Community structure and its relation to community function can be expressed with ecological traits such as feeding guilds and sexual/parthenogenetic reproduction. Spruce forest establishment changed considerably the distribution of feeding groups within the community, with herbofungivorous species significantly increasing at the expense of fungivores. Herbofungivorous species are able to digest food components of both green plants and fungi, and can breakdown cellulose in plant tissues, but they are able to take advantage from increased fungal growth as well (Siepel & de RuiterDijkman 1993) . On the contrary, fungivorous species, which are more specialized in food, were associated with the undisturbed beech forest. A similar specializationdisturbance trend was observed for other animal groups (Devictor et al. 2008; Webb & Shine 1998) as well as for soil microarthropods (Blasi et al. 2012; Schon et al. 2008) .
The higher contribution of hemiedaphic collembolans in the spruce monoculture can be caused by the thick layer of partly decomposed spruce needles. On the contrary, euedaphic species in the natural beech forest can benefit from a well developed humus layer.
Contrary to the significantly changed above-mentioned traits, no significant differences in reproduction mode were recorded. Both parthenogenetic and sexual species occurred similarly in the stands. Parthenogenesis is relatively common in soil microarthropods (Chahartaghi et al. 2006; Domes et al. 2007a ) and parthenogenetic species show wide range of life-history traits. They can be fast colonisers and disturbance tolerant species (Lindberg & Bengtsson 2005; Maraun & Scheu 2000; Scheu & Schulz 1996) as well as euedaphic, smallsize and vulnerable species (Maraun & Scheu 2000) .
Our results indicated that soil microarthropod assemblages in spruce monocultures in endemic-poor regions did not suffer in terms of decrease in total density and species diversity compared to natural beech forests.
However, the vulnerable components of the community were negatively affected and the community structure was changed as described above.
We are aware of the limitations caused with the design of our study. The results were obtained within one locality and there is a need for additional studies to confirm or refine the recorded trends. We would like to encourage more studies in this field as the "trait approach" seems to be fruitful in revealing of community response. Moreover, additional studies focused also on other parts of ecosystem, e.g., fungi and bacteria, would enable to hypothesize about the functioning of whole ecosystem under environmental change.
